I n adult stroke, clinical trials have resulted in 2 evidencebased acute stroke treatment guidelines that save lives and improve neurological outcome: the use of tissue-type plasminogen activator (tPA) 1 and the development of dedicated stroke units that provide standardized, best practice acute care.
of acute arterial ischemic stroke in adults, the American Heart Association, American Academy of Neurology, and National Stroke Association have published guidelines that include its use for the care of adults with acute stroke. 3, 4 Requirements for designation as primary stroke centers (PSCs) and comprehensive stroke centers now exist to standardize acute stroke care in adults. Demonstration of considerable effort to achieve these requirements is needed to gain designation as an adult stroke center. 5 Although most adults who present with acute stroke do not receive tPA, ensuring comprehensive stroke care assures that other elements of therapy are implemented and lead to improved outcomes, including evidence-based acute management strategies, supportive care, prevention of complications, secondary stroke prevention, and rehabilitative care. 4 In contrast, the care of children with acute stroke has often been poorly coordinated and reflects a dearth of research on which to base treatment protocols. Only ≈2% of children with acute stroke receive treatment with tPA in the United States, 6, 7 frequently outside of established safety guidelines used in adults. 7 There are no randomized controlled trials in the acute treatment of pediatric stroke and no data about tPA usage in children with acute stroke on which to base consensus care guidelines. 8, 9 Stroke-specific recommendations directed at maximizing cerebral perfusion, neuronal protection, and salvage are used inconsistently in children, and recognition of children with stroke is often delayed, even when stroke occurs in the hospital setting. [10] [11] [12] [13] Similar to adult stroke care, it is expected that the development of primary pediatric stroke centers (PPSCs) will lead to standardized triage, diagnosis, and early management of childhood stroke that will be essential to optimize the safety and efficacy of thrombolysis. Standardized care is likely to be just as important as the implementation of thrombolysis in improvement of patient outcome measures. 4 In 2010, the National Institute of Neurological Disorders and Stroke funded the first prospective treatment trial in acute pediatric stroke, the Thrombolysis in Pediatric Stroke (TIPS) trial. TIPS trial was designed as a phase I multicenter trial to determine the safety of tPA in childhood stroke, as well as the pharmacokinetics of tPA in the pediatric population. In preparation for site selection for TIPS, data were collected regarding the availability of emergency and intensive care services, emergent neuroimaging, pediatric anesthesia, pediatric neurosurgery, and pediatric hematology from site principal investigators (PIs) seeking to participate. All potential TIPS sites required the involvement of a pediatric intensive care unit (PICU) in a tertiary hospital for care of patients after treatment with tPA, continual availability of urgent neuroimaging, either MRI/magnetic resonance angiography or computed tomography/computed tomography angiography, urgent pediatric anesthesia, and pediatric neurosurgery consultation. Based on these criteria, all centers participating in TIPS were well-established tertiary care pediatric centers with specialists dedicated to childhood stroke. Conversely, the site selection process demonstrated a significant variation among candidate centers in clinical, radiographic, and hospital readiness for management of children with acute stroke that highlighted the need for standardization of pediatric stroke care. Although each site had a PI with expertise in pediatric stroke, in the absence of published guidelines for pediatric stroke centers, many sites lacked an organized and systematic approach to stroke triage and early management.
Through the use of a complementary, multidisciplinary membership, the TIPS steering committee established criteria for the minimal clinical expertise and hospital systems necessary to execute an acute interventional stroke trial safely in the pediatric population. In addition to acute treatment with tPA, this included the ability to triage and diagnose stroke promptly, provide urgent care to children with stroke, and treat complications of stroke and stroke treatment. Furthermore, PIs and coinvestigators at each center were required to obtain certification in use of the pediatric National Institutes of Health Stroke Scale (NIHSS) which has been validated for use by pediatric neurologists. 14, 15 The pediatric NIHSS certification requires completion of the adult NIHSS certification (already established as a critical component of stroke care in adults), as well as a separate pediatric-specific module. 14 More importantly, the TIPS study coordinating center and steering committee were able to assist site PIs directly as they prepared their sites for enrollment. During this process, the TIPS trial served as a central repository for protocols and procedures from each site, allowing the ability to share ideas and expertise around the trial infrastructure. Many centers developed new systems for patient management in preparation for TIPS trial participation, often using experience gained from other participating sites. As such, each site expanded its ability to triage, manage, and treat acute pediatric stroke. The purpose of this study is to describe the emergence of these early PPSCs. In addition, we describe the resources necessary to establish acute stoke readiness for the pediatric population and compare the readiness of TIPS sites with the original adult PSC criteria.
Methods
In 2010, the National Institute of Neurological Disorders and Stroke funded the TIPS trial (NIH No. R01 NS065818). The TIPS trial was designed to be a 5-year multicenter international safety and dose-finding study of intravenous tPA in children with acute arterial ischemic stroke to determine the maximal, safe dose of intravenous tPA among
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July 2014 a tertiary hospital capable to provide care to children after treatment with tPA, continuous availability of urgent neuroimaging, either MRI/ magnetic resonance angiography or computed tomography/computed tomography angiography, and availability of urgent pediatric anesthesia and pediatric neurosurgery consultation. The TIPS trial leadership consisted of experts in pediatric stroke, hematology, pharmacology, and stroke imaging. After site activation, each of the 17 participating TIPS centers were sent a questionnaire to complete at site activation regarding the process of achieving site readiness for treating acute stroke in children (Survey for Development of Pediatric Stroke Center in Appendix I in the online-only Data Supplement). The first section of the questionnaire asked sites to describe the timeline for development of (1) hospital-wide stroke systems, including development of systems for stroke triage; (2) a 24-hour/7-day per week (24/7) pediatric stroke service (ie, a team of pediatric stroke experts capable of administering tPA to children 24 hours a day, 7 days a week); and (3) emergency department (ED)/PICU stroke protocols. The second section of the survey asked about the evolution and timeline for development of outpatient care for pediatric stroke patients, including the establishment of a stroke clinic, as well as the extent to which a multidisciplinary team of clinicians was available to care for children with stroke: neurologist, hematologist, neuroradiologist, neurosurgeon, interventional neuroradiologist, cardiologist, rheumatologist, neuropsychologist, rehabilitation specialist, psychologist, vascular geneticist, social worker, or other subspecialist. The third part of the questionnaire surveyed readiness for vascular and neuroimaging, including stroke MRI capability and availability of anesthesia to sedate a younger or agitated patient for urgent MRI. In the last general quantitative section, sites were questioned about the resources necessary to conduct the trial, overall hospital support, quality initiatives, continuing medical education, as well as the impact of preparation on readiness for an acute pediatric stroke. Readiness was measured via a Likert scale (1=not ready at all to 10=completely ready), with the site PI answering the following question: Before preparing for TIPS, how prepared was your hospital to acutely treat a child with stroke? Finally, site PIs were asked for general qualitative comments about the challenges of creating a pediatric stroke center capable of participation in TIPS.
Results are presented with descriptive statistics using table and graphs, while the change in readiness for management of children with acute stroke before and after implementation of the TIPS trial was compared using a 2-tailed t test.
Results
All 17 TIPS sites activated by November 2013 completed the questionnaire and provided responses between September and November 2013. Responding site PIs reported that they spent 2.5% to 100% (mean, 62%; median, 70%) of their full-time equivalent on stroke activities, with 2.5% to 50% (mean, 22%) in stroke neurology clinical care, 0% to 10% (mean, 9%) in stroke-related administration, and 5% to 75%% (mean, 31%) in stroke research. As of 2013, the majority of sites (16/17) had robust systems in place to identify, image, and treat children with acute stroke rapidly ( Table 1 ). In addition, the stroke teams have a broad representation from multiple subspecialties (Table 2) . Across the 17 sites, an average of 7 subspecialties with specialized expertise in pediatric stroke were available for care of children with acute stroke.
The majority of sites have had >3 subspecialists interested in stroke since 2004, but systems for acute stroke care were lacking at that time, with 18% of sites having a pediatric stroke team, 18% of sites having a 24/7 stroke team, 6% of sites having an ED order set, 12% of sites having a PICU order set, 24% of sites having acute stroke MRI capabilities 24/7, and 18% of sites having 24/7 acute sedated stroke MRI available (Figure) . In 2009, just before TIPS funding and subsequent preparation, fewer than half of sites had any of these measures available with the exception of acute stroke MRI (available in 53% of centers). From 2010 to 2013, all of these systems became available in >80% of TIPS sites (Table 1, Figure) . Before 2010, only 10% of site PIs and co-PIs had a current NIHSS certification. In 2013, 100% had NIHSS and pediatric NIHSS certifications, a requirement of the trial.
The impact of TIPS on center preparedness to diagnose and treat children who present with acute onset of stroke is reflected by the number of centers that instituted or enhanced protocols for care of these children. In the course of preparation for TIPS, 71% of centers (12/17) instituted an improved stroke triage protocol. Furthermore, 65% (11/17) of centers instituted updated or improved stroke order sets, whereas 53% (9/17) either instituted or augmented institution-wide code stroke alert systems. Finally, 41% of centers (7/17) newly developed round-the-clock availability of anesthesia delivery for emergent neuroimaging diagnostic studies for patients who present with acute arterial ischemic stroke.
TIPS investigators reported a significant increase in their self-perception of site readiness to treat acute stroke when comparing readiness before and after preparation for the TIPS trial. On a Likert scale from 1 to 10 (1=not ready at all; 10=completely ready), the average center score increased 
Discussion
After preparation for the TIPS trial, TIPS site PIs reported a significant increase in readiness for treatment of acute childhood stroke, as indicated by formation and greater availability of pediatric-specific stroke teams, urgent neuroimaging, and specific stroke pathways in the ED and intensive care unit. Interestingly, although the majority of these sites reported ample availability of subspecialists related to care of children with stroke since 2004, a high degree of readiness to treat acute stroke rapidly was not reported at that time. Indeed, as illustrated by the Figure, the pace of development of site readiness increased markedly since funding for the TIPS trial in 2010. These data indicate that preparation for the TIPS trial has created an emerging network of PPSCs in North America, able to optimize the identification, imaging, and treatment of acute stroke in children. Development of these emerging PPSCs required substantial resources, many of them supported by individual medical centers and local site PIs. Recruitment, education, and organization of support personnel were cited as the most time-and energy-consuming start-up tasks at most sites and were thought to have been critically important for institutional commitment to TIPS. Creation and expansion of the stroke service, MRI availability, and implementation of stroke order sets often required establishment of a stroke council with members from divisions across the hospital. In addition, PPSC creation required many meetings with numerous clinical services at each center including transport team, ED, PICU, cardiac intensive care, neurology, nursing, hematology, research pharmacy, cardiology, anesthesia, neuroradiology, research administration, and clinical and translational research support services. A mean of 10 formal lectures related to institutional preparedness to treat children with acute stroke were presented at each center in the process (of 17 responses, mean, 10; median, 9). Design and acquisition of institution approval of stroke order sets and care guidelines for triage, ED, intensive care unit, and post-thrombolysis care usually required 6 to 9 months to move through hospital committees.
The American Heart Association promulgates and maintains standards for hospital centers to attain certification as an adult PSC. In preparing for the TIPS trial, the majority of TIPS sites have met most of the primary criteria established by the Brain Attack Collation in 2000 for adult PSCs. The initial primary criteria for adult PSCs in 2000 were divided into 2 areas: patient care areas and support services. 16 The patient care criteria included acute stroke team composition, generation of written care protocols, organization of emergency medical care services, creation of a stroke unit, and neurosurgical services. The great majority of TIPS sites met these adult PSC requirements for the patient care areas criteria (Table 3) . Importantly, 88% (15/17) of the TIPS sites have established relationships with adult PSCs within the same hospital or in adjacent adult medical centers. Existing certified adult PSCs provide invaluable modeling for nascent PPSCs. Although stroke pathogenesis differs between adults and children, close relationships between pediatric and adult stroke teams advance the development of the emerging PPSCs through shared conferences, clinical points of interaction, and exchange of patient care protocols. Support services included in the original adult Brain Attack Coalition criteria included a commitment by and support from the medical organization, a stroke center director, neuroimaging services, laboratory services, outcome and quality improvement activities, and continuing medical education. Remarkably, the majority of TIPS sites meet these criteria as well (Table 3) .
Currently, designation as an adult PSC requires development of a stroke-focused clinical program administered by clinicians experienced in stroke care. Inclusion of an advanced practice nurse with expertise in neurovascular patient care, as has been done in many adult PSCs, would provide invaluable support in development and maintenance of care protocols for children who have had stroke. Such nursing leadership may be highly desirable for inclusion in criteria for pediatric PSCs, but is currently only available at 3 of the TIPS sites. In addition, care delivered must be tailored to meet the needs of the patients with stroke. Finally, the center must collect and use stroke 
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July 2014 treatment data to improve quality of care for patients with stroke. 17 In this regard, inclusion of a stroke team coordinator would provide a stroke team member whose primary responsibility is accumulation of clinical data for quality improvement purposes. Similarly, emerging PPSCs participating in TIPS have developed protocols for the care of children with acute stroke, established 24/7 stroke teams, and initiated quality and educational initiatives. Care provided for each patient is guided by standardized clinical protocols for treatment of stroke in children with an individualized approach that is determined by the characteristics of each child. In preparation for TIPS, sites have organized to meet most of the initial criteria of an adult PSC by the American Heart Association. Building on this experience, it is time to consider creation of formalized guidelines for creation of PPSCs, recognizing that the causes of stroke in children and the children themselves differ significantly from adults. Furthermore, development of comprehensive pediatric stroke centers, as has been more recently proposed and adopted by the adult stroke community, 5 may be beneficial in creating regional pediatric stroke centers capable of managing and studying pediatric stroke with the same standards of care and alacrity that are found in adult stroke centers and by providing valuable resources for smaller surrounding pediatric centers that may encounter children who present with acute arterial ischemic stroke. These comprehensive pediatric stroke centers would clearly need increased hospital support in the form of advanced practice nurses and stroke team coordinators. Given the challenges of recruitment faced by TIPS trial, these Comprehensive Pediatric Stroke Centers will likely need to function as regional pediatric stroke telemedicine hubs, capable of interacting with multiple smaller PPSCs, allowing for the potential to administer acute therapies to an increasing proportion of children with stroke. 
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